A room-temperature ionic liquid (RTIL) derived from 1,4-diazabicyclo[2.2.2]octane (DABCO) consisting of tetrafluoroborate anion, 1-butyl-4-(4-sulfonylbutyl)-1,4-diazoniabicyclo[2.2.2]octane hydrogen sulfate tetrafluoroborate ([C 4 DABCOC 4 SO 3 H][BF 4 ][HSO 4 ]) was synthesized and catalytically evaluated in the synthesis of 14-aryl-14H-dibenzo[a,j]xanthenes by cyclocondensation reaction of β-naphthol and aryl aldehydes. This novel RTIL with an acidic SO 3 H group showed high catalytic activity with good to excellent yields of the desired products in short reaction times. Moreover, the catalyst could be recovered and reused at least three times with only slight reduction in its catalytic activity.
Introduction
The synthesis of xanthenes and dibenzoxanthenes' derivatives have received significant attention in recent years because of their wide range of biological and pharmaceutical properties such as agricultural bactericide, 1 anti-viral, 2 antibacterial, 3 and anti-inflammatory 4 activities. Also, a number of these compounds have been considered as dyes and fluorescent visualization materials for biomolecules and laser technologies. 5 There are several methods reported for the synthesis of xanthenes and dibenzoxanthenes, such as palladium catalyzed cyclization of polycyclic aryltriflate esters, 6 and intramolecular trapping of benzynes by phenols. 7 Furthermore, 14-aryl-14H-dibenzo[a,j]xanthenes are generally synthesized by cyclocondensation of β-naphtol with aldehydes in the presence of various catalysts such as silica sulfuric acid, 8, 9 AcOH-H 2 SO 4 , 10 p-TSA, 11 MeSO 3 H, 12 sulfamic acid, 13 cyanuric chloride, 14 LiBr, 15 Yb(OTf) 3 , 16 and Sc[N(SO 2 C 8 F 17 ) 2 ] 3 . 17 However, these methods show varying degrees of success as well as limitations such as unsatisfactory yields, expensive catalysts, prolonged reaction times, toxic organic solvents, and harsh reaction conditions. Thus, the development of an alternate milder and clean procedure is highly demanding for the synthesis of 14-aryl-14Hdibenzo[a,j]xanthenes, which surpasses those limitations.
Ionic liquids (ILs), specially room temperature ILs (RTILs), are known as environmentally benign catalysts or media and much attention has currently been focused on organic reactions in the presence of these compounds as catalysts or as dual catalyst-solvent. [18] [19] [20] Functionalized ILs are often designed for a particular use, and referred to as "task specific ILs". The introduction of Brønsted-acidic functional groups into cations or anions of the ILs, especially the SO 3 H-functional group, obviously enhanced their acidities and water solubilities. [21] [22] [23] Therefore, these ILs can be used as highly efficient acid catalysts and have been receiving extensive interest as green substitute for H 2 SO 4 , HF and AlCl 3 catalysts in chemical processes. 24 In fact, use of Brønsted-acidic ILs is an area of ongoing activity.
Very recently, the formation of 14-aryl-14H-dibenzo[a,j]xanthenes in the presence of acidic ionic liquids containing SO 3 H-functional group, has been reported in the literature. [25] [26] [27] For example, Hajipour and co-workers 25 have reported that synthesis of 14-aryl-14H-dibenzo[a,j]xanthenes can be catalyzed by 15 mol % of N-(4-sulfonic acid) butyl triethyl ammonium hydrogen sulfate ([TEBSA][HSO 4 ]) at 120 °C. Also, some Brønsted-acidic task-specific ILs based on 1-methyl-3-propane sulfonic-imidazolium cation, [MIMPS], with various anions containing HSO 4 , H 2 PO 4 and BF 4 have been used as catalyst for the synthesis of these compounds by Liu and co-workers. 26 The best results have been obtained using 5 mol % of IL containing HSO 4 anion play a role as promotor or reaction media and accelerate the organic reaction rates. 28 These finding prompted us towards further investigation in search for a new SO 3 H-functionalized IL containing BF 4 anion, which will carry out the synthesis of 14-aryl-14Hdibenzo[a,j]xanthenes under simple experimental set up and eco-friendly conditions. Therefore, as part of our current studies on the development of new routes for the synthesis of organic compounds using ILs, 29 herein firstly we report the synthesis of a RTIL derived from 1, 4- Figure 1 ) and then investigate its catalytic activity in the synthesis of 14-aryl-14H-dibenzo[a,j]xanthenes by cyclocondensation reaction of β-naphthol and aryl aldehydes (Scheme 1).
Experimental
All chemicals were available commercially and used without additional purification. Melting points were recorded on a Stuart SMP3 melting point apparatus. The IR spectra were obtained using a Tensor 27 Bruker spectrophotometer as KBr disks. The 1 H NMR (500 MHz) and 13 C NMR (125 MHz) spectra were recorded with a Bruker DRX500 spectrometer. Mass spectra were also obtained using a FINNIGAN-MAT 8430 mass spectrometer operating at an ionization potential of 70 eV.
Preparation During the procedure, the reaction was monitored by TLC. Upon completion, the reaction mixture was cooled to room temperature, the obtained solid was washed with water, and recrystallized from ethanol to give pure products 3a-l in high yields.
Recycling and Reusing of the Catalyst. The catalyst 4 ] is soluble in water and could therefore be recycled as the filtrate. The catalyst was recovered by evaporation of the water, washed with diethyl ether, dried at 50 °C under vacuum for 1 h, and reused in another reaction with only slight reduction in the catalytic activity.
Results and Discussion
There are few reports in the literature on the synthesis of DABCO-based ILs and their application in organic reactions. 30 4 ] in the synthesis of 14aryl-14H-dibenzo[a,j]xanthenes, at first, the synthesis of compound 3e was selected as a model reaction to determine suitable reaction conditions. The reaction was carried out by heating a mixture of β-naphthol (1) (4 mmol) and 4chlorobenzaldehyde (2e) ( (Table 1) . As can be seen from Table 1 , the shortest time and best yield was achieved in solvent-free conditions (entry 9). It was also found that the yield of compound 3e was strongly affected by the catalyst amount and reaction temperature in solvent-free conditions. No product was obtained in the absence of the catalyst (entry 1) and only a trace amount of the product was obtained in the presence of the catalyst at room temperature (entry 5) indicating that the catalyst and temperature are necessary for the reaction. Increasing the amount of the catalyst and reaction temperature up to 3 mol % (based on 4chlorobenzaldehyde) and 100 °C, respectively, increased the yield of the product 3e, whereas further increase in both catalyst amount and temperature was found to have an inhibitory effect on the formation of the product (entries [10] [11] [12] [13] [14] .
In order to evaluate the general character of this model reaction, we extended the reaction of 1 with other aromatic aldehydes under the optimized reaction conditions. The results are given in Table 2 . In all cases, aromatic aldehydes with substituents carrying either electron-donating or electron-withdrawing groups reacted successfully and gave the expected products in high yields and short reaction times.
Reusability of the catalyst [C 4 DABCOC 4 SO 3 H][BF 4 ][HSO 4 ] was also investigated. For this purpose, the same model reaction was again studied under optimized conditions. After the completion of the reaction, the catalyst was recovered according to the procedure mentioned in experimental section and reused for a similar reaction. The catalyst could be used at least three times with only slight reduction in the catalytic activity (95% for 1st use; 94% for 2nd use; 91% for 3rd use). 
Conclusion

